Introduction {#sec001}
============

A growing body of magnetic resonance imaging (MRI) evidence suggests that subjects at high clinical risk for psychosis show structural abnormalities in the frontal, insular and temporal regions (Pantelis *et al.* [@ref036]; Borgwardt *et al.* [@ref002], [@ref004], [@ref003]; Meisenzahl *et al.* [@ref032]; Koutsouleris *et al.* [@ref029]; Witthaus *et al.* [@ref055]). Several MRI studies have examined whether there are specific neuroanatomical differences between high-risk subjects who subsequently develop psychosis and those who do not (Pantelis *et al.* [@ref036]; Borgwardt *et al.* [@ref002], [@ref004], [@ref003]; Koutsouleris *et al.* [@ref029]). Structural deficits associated with transition to psychosis can be seen as vulnerability markers of very early stages of psychosis (Smieskova *et al.* [@ref047]) and are of crucial relevance to the field of preventive interventions in psychosis.

Early clinical intervention in psychosis has recently become a major objective of mental health services. Research at this stage is a potential way of investigating the mechanisms of underlying psychosis, as the same individuals can be studied before and after the onset of psychosis, often with minimal confounding effects of previous antipsychotic treatment. The identification of a clinical risk syndrome, an at-risk mental state (ARMS), that reflects an ultra-high clinical risk predisposition to psychosis is fundamental to both clinical and research work in this area. Most transitions to psychosis in ARMS individuals have been found in the first 2 years after baseline assessment and are much less probable afterwards (Yung *et al.* [@ref060]; Riecher-Rössler *et al.* [@ref041]), suggesting rapid dynamic anatomical and neurophysiological changes in the same patients during the pre-psychotic phases. Independent studies have confirmed complex neurophysiological changes underlying the prodromal psychotic phases involving not only brain structure but also disrupted dopaminergic and glutamatergic neurotransmission (Jessen *et al.* [@ref028]; Hurlemann *et al.* [@ref027]). However, to the best of our knowledge no study has explicitly addressed potential neurobiological markers of different levels of risk across the prodromal phase. We therefore investigated separately ARMS individuals with a short or long duration of the ARMS. All these individuals fulfilled the ARMS criteria \[similar to the Personal Assessment and Crisis Evaluation Clinic (PACE) criteria\] at the time of scanning. In the first group \[short-term duration ARMS (ARMS-ST)\] the scan was obtained directly after referral to our specialized early detection clinic, that is at the time of ascertainment of the ARMS (within 3 months on average). According to published data, the probability of developing psychosis in this group is 20--40% over 2 years (Yung *et al.* [@ref058]; Riecher-Rössler *et al.* [@ref040], [@ref041]). In the second group \[long-term duration ARMS (ARMS-LT)\] the scan was obtained on average after 4.5 years of follow-up. Although at the time of the scan this group was still on the risk continuum to develop psychosis, according to the published data (Yung *et al.* [@ref060]; Cannon *et al.* [@ref007]; Riecher-Rössler *et al.* [@ref041]), they had a lower probability of developing subsequent psychosis when compared to ARMS-ST. Importantly, most of the ARMS individuals who encountered transition (90.5%) did so in the first 2 years after their ARMS was ascertained (Riecher-Rössler *et al.* [@ref041]). After these 2 years, only 3% of included ARMS individuals developed psychosis (Riecher-Rössler *et al.* [@ref041]). Some studies have reported that the transition rate of newly referred individuals is declining in recent years (Haroun *et al.* [@ref024]; Yung *et al.* [@ref060]; Frommann *et al.* [@ref018]). Thus, the transition rate in high-risk populations declined from 31% during the first 2 years as published in 2003 (Pantelis *et al.* [@ref036]) to 16% as published 5 years later (Yung *et al.* [@ref057]). There may be some protective mechanism in the high-risk individuals who compensate for risk factors and remain without subsequent transition to psychosis.

Our aim was to examine the neuroanatomical brain abnormalities associated with higher or lower transition probability and the reduced risk of developing psychosis. In a previous multimodal analysis we found an association between functional and structural abnormalities in groups with different transition probabilities to psychosis (Smieskova *et al.* [@ref045]). Psychopathological symptoms are often associated with negative symptoms (Lencz *et al.* [@ref031]; Riecher-Rössler *et al.* [@ref041]) and cognitive deficits (Brewer *et al.* [@ref006]; Simon *et al.* [@ref043]; Riecher-Rössler *et al.* [@ref041]). Consequently, we aimed to clarify the correlation between structural alterations and clinical outcomes during the prodromal phases of psychosis.

Expanding on previous voxel-based morphometry (VBM) studies in ARMS (Pantelis *et al.* [@ref036]; Borgwardt *et al.* [@ref002], [@ref003]; Koutsouleris *et al.* [@ref029]; Witthaus *et al.* [@ref055]), in the current study we investigated an ARMS-LT group with a lower probability of developing psychosis compared to an ARMS-ST group (Yung *et al.* [@ref060]) with a higher probability of developing psychosis.

We tested the following hypotheses: The magnitude of volumetric abnormalities would be in parallel with the clinical status (ARMS-LT\<ARMS-ST\<FEP) compared to the healthy control (HC) group.Significant correlations between GMV and psychotic symptoms or global functioning were expected in the regions showing volumetric differences in ARMS.

Method {#sec002}
======

Study population {#sec002-001}
----------------

Since 1999, the FEPSY (Früherkennung von Psychosen; early detection of psychosis) Clinic at the Psychiatric Outpatient Department, Psychiatric University Clinics in Basel recruited and followed up ARMS individuals and patients experiencing a first episode of psychosis (FEP) over up to 7 years (Riecher-Rössler *et al.* [@ref041]). The entire group of individuals with an ARMS (ARMS-ST and ARMS-LT; *n*=31) corresponds to the criteria by Yung *et al.* ([@ref058]) used in previous MRI studies (Pantelis *et al.* [@ref036]; Borgwardt *et al.* [@ref002], [@ref004], [@ref003]; Sun *et al.* [@ref048]). The FEP patients (*n*=16) met operational criteria for FEP according to Breitborde *et al.* ([@ref005]). All included individuals were assessed at baseline and at the time of the MRI scan.

Inclusion to the ARMS group required one or more of the following: (*a*) 'attenuated' psychotic symptoms, (*b*) brief limited intermittent psychotic symptoms (BLIPS) or (*c*) a first-degree relative with a psychotic disorder plus a marked decline in social or occupational functioning (Yung *et al.* [@ref059]; Riecher-Rössler *et al.* [@ref040], [@ref041]).

We divided the ARMS group into two subgroups depending on the duration of the ARMS status since the baseline assessment. Individuals with short-term ARMS (ARMS-ST) fulfilled ARMS criteria for a time period shorter than 2 years and individuals with long-term ARMS (ARMS-LT) were in an ARMS over a follow-up period longer than 2 years. ARSM-ST individuals had an MRI scan as soon as practicable, on average within 2.64 ([s.d]{.smallcaps}.=4.8) months \[i.e. 0.22 ([s.d]{.smallcaps}.=0.4) years\]. ARMS-LT individuals were scanned on average 4.62 ([s.d]{.smallcaps}.=2.06) years after first ascertainment and made no transition until the point of data analysis (March 2011). At the time of scanning, all the ARMS-ST and ARMS-LT individuals fulfilled the criteria of Yung *et al*. for the ARMS (Yung *et al.* [@ref058]; Riecher-Rössler *et al.* [@ref039]) but had different probabilities of developing psychosis (Cannon *et al.* [@ref007]; Yung *et al.* [@ref057]; Riecher-Rössler *et al.* [@ref041]).

From the baseline assessment, the ARMS-ST and ARMS-LT subjects were followed up by the clinical service and received standard psychiatric case management. At the time of scanning, all of the ARMS individuals (from both groups) were antipsychotic naive, except for one antipsychotic-free ARMS-ST subject (olanzapine 2.5 mg/day during the period of 9 months, stopped 4 months ago). Furthermore, four of the FEP, six of the ARMS-LT and six of the ARMS-ST were receiving antidepressants at the time of the MRI scan.

The FEP patients (*n*=16) were defined as subjects who met the operational criteria for 'first-episode psychosis' (Breitborde *et al.* [@ref005]). Inclusion required scores of ⩾4 on the hallucination item or ⩾5 on the unusual thought content, suspiciousness or conceptual disorganization items of the Brief Psychiatric Rating Scale (BPRS; Yung *et al.* [@ref058]). The symptoms must have occurred at least several times a week and persisted for more than 1 week. None of the FEP group were receiving antipsychotic medication at time of scanning. Ten of our FEP patients were antipsychotic naive and six were antipsychotic free; antipsychotic medication (one risperidone, five aripiprazole, two olanzapine) was stopped 1, 2, 4, 19 and 24 months ago, one subject with unknown withdrawal period.

We recruited healthy volunteers (HC, *n*=19) from the same geographical area as the other groups. All subjects were representative of the local population of individuals presenting with an ARMS in terms of age, gender, handedness, and alcohol and cannabis consumption. These individuals had no current psychiatric disorder, no history of psychiatric illness, head trauma, neurological illness, serious medical or surgical illness, or substance abuse, and no family history of any psychiatric disorder as assessed by an experienced psychiatrist in a detailed clinical assessment.

We applied the following exclusion criteria to our groups: history of previous psychotic disorder; psychotic symptomatology secondary to an 'organic' disorder; substance abuse according to ICD-10 research criteria; psychotic symptomatology associated with an affective psychosis or a borderline personality disorder; age \<18 years; inadequate knowledge of the German language; and IQ \<70.

Instruments {#sec002-002}
-----------

We assessed subjects using the Basel Screening Instrument for Psychosis (BSIP; Riecher-Rössler *et al.* [@ref040], [@ref039]), the BPRS, the Scale for the Assessment of Negative Symptoms (SANS) and the Global Assessment of Functioning (GAF) at the time of scanning. The BSIP evaluates 'prodromal' symptoms (according to DSM-III-R) occurring in the past 5 years; non-specific 'prodromal' signs (Riecher-Rössler *et al.* [@ref040]) in the past 2 years; previous or current psychotic symptoms, psychosocial functioning over the past 5 years, substance dependency; and psychotic disorders among first- and second-degree relatives (Riecher-Rössler *et al.* [@ref039]). We obtained current and previous psychotropic medication, alcohol, nicotine, cannabis and other illegal drug consumption using a semi-structured interview adapted from the Early Psychosis Prevention and Intervention Centre (EPPIC) Drug and Alcohol Assessment Schedule ([www.eppic.org.au](www.eppic.org.au)).

Magnetic resonance image acquisition {#sec002-003}
------------------------------------

### Structural MRI {#sec002-003-001}

A three-dimensional (3D) T1-weighted magnetization prepared rapid gradient echo (MPRAGE) sequence was acquired on a 3-T MRI system (Magnetom Verio, Siemens Healthcare, Germany) with sagittal orientation based on a 256×256×176 matrix, with 1 mm isotropic spatial resolution, inversion time (TI) of 1000 ms, repetition time (TR) of 2 s and echo time (TE) of 3.4 ms. All of the scans were screened for gross radiological abnormalities by an experienced neuroradiologist.

Image analysis {#sec002-004}
--------------

We examined group-related differences in grey matter volume (GMV) using SPM8 software ([www.fil.ion.ucl.ac.uk/spm](www.fil.ion.ucl.ac.uk/spm); Wellcome Department of Cognitive Neurology, UK) running under Matlab 7.1 (MathWorks, USA). T1-weighted MPRAGE images were preprocessed using the VBM8 toolbox (<http://dbm.neuro.uni-jena.de/vbm8/>). This approach involves the creation of a study-specific template and the segmentation of each individual image using the template, with the aim of maximizing accuracy and sensitivity (Yassa & Stark, [@ref056]). We provided the following steps: (1) checking for scanner artefacts and gross anatomical abnormalities for each subject; (2) using the New Segmentation approach with different treatment of the mixing proportions; (3) using the DARTEL toolbox to produce a high-dimensional normalization protocol (Ashburner, [@ref001]); (4) checking for homogeneity across the sample; and (5) using 8-mm standard smoothing. We identified two subjects with a mean covariance below two standard deviations and screened their volumes carefully, but found no artefacts and the quality of images was reasonable. We repeated the analyses without these two subjects, with the same results, and therefore decided not to exclude them from the analysis. After this preprocessing, we obtained segmented, normalized and smoothed data that were used for the statistical analysis.

We performed an analysis of covariance (ANCOVA) to compare grey matter images from all four groups (FEP, ARMS-ST, ARMS-LT, HC). We modelled age, gender and total GMV as covariates of no interest to reduce the potential impact of these variables on the findings. Statistical significance was assessed at cluster level using the non-stationary random field theory (Hayasaka *et al.* [@ref025]). The first step of this cluster-level inference strategy consisted of identifying spatially contiguous voxels at a threshold of *p\<*0.001, uncorrected (cluster-forming threshold) (Petersson *et al.* [@ref037]). Statistical inferences were then made at *p\<*0.05 after family-wise error (FWE) correction. Additionally, we calculated effect size (Cohen\'s *d*) for volumetric differences in bilateral insular volumes.

To label the regions of brain activation, Montreal Neurological Institute (MNI) coordinates were transformed into Talairach space ([www.ebire.org/hcnlab/cortical-mapping](www.ebire.org/hcnlab/cortical-mapping); Talairach Daemon software).

Correlation of GMV and clinical data {#sec002-005}
------------------------------------

In addition to the whole-brain VBM analysis, correlation analyses were used to examine associations between GMV and scales measuring clinical symptoms (positive, negative and global functioning). We chose two areas with between-group volumetric differences that stayed stable even after exclusion of seven antipsychotic-free individuals.

To examine the association between positive and negative symptoms and global functioning, we extracted grey matter values from the peak voxels \[(39, −19, 7) and (−33, --21, 10)\] with sphere 2 mm and performed a series of two-tailed Pearson\'s correlation analyses using SPSS version 19.0 (SPSS Inc., USA); see online Supplementary Table S2. The statistical threshold was set at *p\<*0.05.

Statistical analysis of demographic data {#sec002-006}
----------------------------------------

We examined clinical and sociodemographic differences between groups using one-way analysis of variance (ANOVA), the *F* test or the χ^2^ test ([Table 1](#tab001){ref-type="table"}). For *post-hoc* analyses we used multiple two-sided *t* tests with Bonferroni\'s correction. Statistical analyses were performed with SPSS version 19.0 and the level of significance was set at *p\<*0.05.

Table 1Demographic and clinical characteristics[^1][^2][^3]

Results {#sec003}
=======

Clinical and demographic characteristics {#sec003-001}
----------------------------------------

There were no significant differences between the FEP, ARMS-ST, ARMS-LT and HC groups in age (*p*=0.637), gender (*p*=0.091), handedness (*p*=0.603), IQ (*p*=0.054) and current cannabis use (*p*=0.550; [Table 1](#tab001){ref-type="table"}). The groups of patients did not differ in terms of antidepressant medication: 25% in the FEP group, 33.3% in the ARMS-ST group and 46.2% in ARMS-LT group were receiving antidepressants (*p*=0.488). We found a significant difference in cigarette smoking (*F*=3.187, *p*=0.030). *Post-hoc* analysis showed that the FEP patients smoked more cigarettes compared to the HC (*p*=0.012). We repeated demographic analysis after exclusion of all individuals with a history of antipsychotic medication (seven patients: six FEP and one ARMS-ST). The difference in cigarette smoking disappeared when we excluded these seven patients (*F*=1.614, *p*=0.197).

There were significant between-group differences in positive and negative symptoms and in global functioning. These differences corresponded to the clinical status (FEP\>ARMS-ST\>ARMS-LT) compared to the HC group. The ARMS-ST group showed lower GAF scores compared to the ARMS-LT group (*p*=0.004). Both ARMS groups differed significantly in BPRS, SANS and GAF scores compared to the HC group ([Table 1](#tab001){ref-type="table"}). Antipsychotic-naive FEP (FEP after exclusion of individuals with a history of antipsychotic medication) showed slightly higher BPRS and lower SANS and GAF compared to the FEP with antipsychotic history.

GMV differences (VBM results) {#sec003-002}
-----------------------------

GMV differences between groups are presented in [Table 2](#tab002){ref-type="table"} and group-specific deviations from the overall mean in online Supplementary Table S1.

Table 2Group differences in brain structure[^4][^5][^6][^7][^8][^9]

### Psychosis-associated volumetric abnormalities {#sec003-002-001}

The FEP individuals compared to the whole group of ARMS showed less GMV in the left uncus, parahippocampal gyrus and right middle temporal gyrus ([Table 2](#tab002){ref-type="table"}, *p\<*0.05, FWE corrected). Both ARMS-ST and ARMS-LT had more GMV in the left parahippocampal gyrus when tested separately as compared to the FEP group.

In the FEP group we found more GMV in the right thalamus and superior frontal gyrus, and in the left caudate, insula, superior frontal and cingulate gyrus compared to the entire ARMS group. Compared to the ARMS-ST group, the FEP had more GMV in the bilateral insula and superior frontal gyrus. Compared to the ARMS-LT, the FEP showed more GMV in the left caudate and superior frontal gyrus.

### Volumetric abnormalities associated with antipsychotic medication {#sec003-002-002}

At the time of the study, none of the included individuals were receiving any antipsychotic medication. However, there were seven antipsychotic-free patients (six in the FEP and one in the ARMS-ST group), who had a history of antipsychotic medication, receiving low doses of atypical antipsychotics (five of them aripiprazole, two olanzapine and one risperidone; the duration of atypical antipsychotic medication use was 1--60 months; withdrawal 1--24 months ago). We repeated our analysis after exclusion of these seven individuals and found that the majority of volumetric differences had lost their significance. The 10 antipsychotic-naive FEP patients did not show any volumetric abnormalities compared to either the entire ARMS group or the ARMS-LT group or the HC group. Only one cluster in the left insula (−33−21 10) remained significant and showed more GMV on comparing the FEP to the ARMS-ST group ([Table 2](#tab002){ref-type="table"}, *p\<*0.05, FWE corrected) with large effect size (Cohen\'s *d* 1.81).

Consequently, we compared antipsychotic-naive FEP (*n*=10) and FEP subjects with a previous history of antipsychotic use (*n*=15: *n*=6 antipsychotic-free and *n*=9 currently receiving atypical antipsychotics; these are not included in this study). We found less GMV in medicated FEP compared to the antipsychotic-naive FEP group in the right thalamus \[(3, −21, −2), *p*=0.032, FWE corrected\] and right parahippocampal gyrus \[(33, −1, −15), *p*=0.041, FWE corrected\].

### Volumetric abnormalities in the ARMS-LT v. ARMS-ST {#sec003-002-003}

Compared to the ARMS-LT group, the ARMS-ST group had less GMV in the right insula ([Table 2](#tab002){ref-type="table"}, *p\<*0.05, FWE corrected), with a Cohen\'s *d* of 1.67 (large effect). Conversely, the ARMS-LT had more GMV in the right insula compared to the HC ([Table 2](#tab002){ref-type="table"}, *p\<*0.05, FWE corrected), with an effect size (Cohen\'s *d*) of 1.54 (large effect).

Correlation analyses of GMV and clinical outcomes {#sec003-003}
-------------------------------------------------

Within the whole ARMS group (ARMS-LT+ARMS-ST) there was a negative correlation (*p\<*0.05) between negative symptoms (SANS total score) and GMV in the right insula \[(39, −19, 7), Pearson\'s correlation coefficient −0.411, [Fig. 1](#fig001){ref-type="fig"}\] and in the left insula \[(−33, −21, 10), Pearson\'s correlation coefficient −0.460, [Fig. 2](#fig002){ref-type="fig"}, online Supplementary Table S2\]. Global functioning (GAF total score) correlated positively (*p\<*0.01) with GMV in the right insula \[(39, −19, 7), Pearson\'s correlation coefficient 0.473, [Fig. 1](#fig001){ref-type="fig"}\] and in the left insula \[(−33, −21, 10), Pearson\'s correlation coefficient 0.502, [Fig. 2](#fig002){ref-type="fig"}\] within the whole ARMS group. We found a positive correlation (*p\<*0.05) with global functional decline in the ARMS-LT group in the right insula \[(39, −19, 7), Pearson\'s correlation coefficient 0.633; *p\<*0.05\]. There were no significant correlations between positive symptoms (BPRS total score) and GMV in the whole ARMS group. When the above correlations were repeated within the ARMS-ST, we found a significant relationship between GMV and hallucinations (*p\<*0.05) in the left insula \[(−33, −21, 10), Pearson\'s correlation coefficient 0.502 and 0.564 respectively, [Fig. 2](#fig002){ref-type="fig"}, Supplementary Table S2\] and conceptual disorganization in the right insula \[(39, −19, 7), Pearson\'s correlation coefficient −0.533, [Fig. 1](#fig001){ref-type="fig"}, Supplementary Table S2\]. The ARMS-LT group showed a positive correlation between GMV and hallucinations in the right insula \[(39, −19, 7), Pearson\'s correlation coefficient 0.720; *p\<*0.01, [Fig. 1](#fig001){ref-type="fig"}, Supplementary Table S2\].

Fig. 1Correlation of psychopathology and grey matter volume (GMV) in the right (R) insula. (*a*) The cluster in the right insula (39, −19, 7) reflects reduced GMV in the short-term at-risk mental state (ARMS-ST) compared to the long-term ARMS (ARMS-LT) group (39, −19, 7) \[*p\<*0.05 family-wise error (FEW) corrected\]. (*b*) Correlation of psychopathology and GMV in this cluster across the whole ARMS sample (ARMS-LT+ARMS-ST) \[Pearson\'s correlation coefficient is −0.411 (*p*=0.05 two-tailed) for Scale for the Assessment of Negative Symptoms (SANS) and 0.473 (*p*=0.01 two-tailed) for Global Assessment of Functioning (GAF)\]. (*c*) Positive correlation with hallucinations \[Pearson\'s correlation coefficient for Brief Psychiatric Rating Scale (BPRS) item 10 (hallucinations) is 0.564 (*p*=0.05 two-tailed) for ARMS-ST and 0.632 (*p*=0.05 two-tailed) for ARMS-LT\]. The left side of the brain is shown on the left side of the image.

Fig. 2Correlation of psychopathology and grey matter volume (GMV) in the left (L) insula. (*a*) The cluster in the left insula (−31−21 10) reflects more GMV in the first episode of psychosis (FEP) compared to the short-term at-risk mental state (ARMS-ST) group \[*p\<*0.05 family-wise error (FEW) corrected\]. (*b*) Correlation of psychopathology and GMV in this cluster across the whole ARMS sample \[long-term ARMS (ARMS-LT)+ARMS-ST; Pearson\'s correlation coefficient is −0.460 (*p*=0.05 two-tailed) for Scale for the Assessment of Negative Symptoms (SANS) and 0.502 (*p*=0.01 two-tailed) for Global Assessment of Functioning (GAF)\]. (*c*) Positive correlation of hallucinations with GMV in the ARMS-ST group \[Pearson\'s correlation coefficient for Brief Psychiatric Rating Scale (BPRS) item 10 (hallucinations) is 0.564 (*p*=0.05 two-tailed) for ARMS-ST and 0.632 (*p*=0.05 two-tailed) for ARMS-LT\]. The left side of the brain is shown on the left side of the image.

Discussion {#sec004}
==========

We used structural MRI to examine individuals with FEP, individuals at high clinical risk of psychosis (ARMS) and healthy controls. The ARMS subjects were subcategorized according to different duration of ARMS and probability for transition to psychosis and then scanned with MRI. We compared short- and long-term ARMS individuals who differed in the duration of the ARMS status and consecutively in the probability to transit. The ARMS-ST group showed less right insular GMV than the ARMS-LT group. Alterations in the right insula related to negative symptomatology and global functioning in the whole ARMS group, and to hallucinations and conceptual disorganization in the ARMS-LT and ARMS-ST subgroups respectively. Moreover, we found a significant effect of previous antipsychotic medication use on brain volumetric changes.

Volumetric differences associated with psychosis {#sec004-001}
------------------------------------------------

In line with previous MRI studies we found that FEP patients showed volumetric reductions in the cingulate gyrus relative to controls and in the parahippocampal gyrus compared to the ARMS groups and HC (for meta analyses, see: Glahn *et al.* [@ref023]; Ellison-Wright & Bullmore, [@ref015]). These alterations can be interpreted as state-marker risk factors for the disease and are qualitatively similar to those seen in patients with chronic schizophrenia (Ellison-Wright *et al.* [@ref016]). However, we also found more GMV in subcortical regions (thalamus and caudate) in the FEP group compared to the whole ARMS group and to the ARMS-LT subgroup. These differences lost statistical significance after exclusion of individuals with any history of antipsychotic medication. However, not only subcortical regions showed more GMV in the FEP group compared to the ARMS group. The FEP group showed more GMV in bilateral superior frontal and insular regions compared to the ARMS and ARMS-ST groups. The changes in these regions are probably associated with long-lasting effects of previous treatment with antipsychotics (Ho *et al.* [@ref026]). After exclusion of all patients who were ever receiving antipsychotics, only one cluster in the left insula remained significant. Contrary to our findings, insular atrophy associated with auditory hallucinations, with delusions and with the duration of schizophrenia (Kurth *et al.* [@ref030]; Cascella *et al.* [@ref009]; Nickl-Jockschat *et al.* [@ref034]) was reported recently. Thus, intriguingly, more GMV in the left insula may be associated with the onset of psychosis, which is in contrast to evidence of reduced GMV in the prodromal phase and the chronic phase of psychosis (Smieskova *et al.* [@ref047]). However, the increased insula volume in FEP compared to ARMS is associated specifically with the transition phase, which may account for this discrepancy. This result corresponds to brain swelling described in fronto-temporal brain regions during exacerbation of psychosis (Garver *et al.* [@ref022]) and to blood--brain barrier dysfunction in schizophrenia (Uranova *et al.* [@ref053]). A higher water diffusion coefficient in the fronto-temporal regions has been reported in schizophrenia (Shin *et al.* [@ref042]). Astrocytes, altered in psychosis, are involved in the permeability of the blood--brain barrier and regulation of water homeostasis (del Zoppo & Hallenbeck, [@ref013]). Thus, altered function in cerebral microvasculature at the ultrastructural level may play an important role in psychosis (Uranova *et al.* [@ref053]). Additionally, it may be speculated that increases in regional brain volume in high-risk populations may reflect timely delayed and spatially expanded synaptic pruning as a compensatory mechanism for earlier pre/postnatal disruptions (Ettinger *et al.* [@ref017]).

Volumetric differences associated with previous antipsychotic medication {#sec004-002}
------------------------------------------------------------------------

The effect of antipsychotic medication on brain structure and function has been underestimated for a long period of time. The influence of antipsychotics on brain structure is not entirely clear; however, antipsychotics may affect GMV (Dazzan *et al.* [@ref012]; Navari & Dazzan, [@ref033]; Ho *et al.* [@ref026]), as reported specifically for the basal ganglia (Smieskova *et al.* [@ref046]). Antipsychotics may contribute to volumetric brain reductions involving multiple subregions, and to specific volumetric increase in subcortical regions, as described in a longitudinal study with 211 patients (Ho *et al.* [@ref026]). The patients included in that study were medicated and followed up for an average of 7 years. Our FEP patients received lower doses of antipsychotics for a shorter time and were not medicated at least 1 month ago. The differences we detected might reflect long-lasting changes in brain volume caused by previous antipsychotic medication but also reparatory/compensatory changes started after the withdrawal of the treatment. The changes associated with antipsychotic medication may be reversible, as shown in a study with healthy volunteers who received haloperidol injection (Tost *et al.* [@ref052]). The temporarily diminished GMVs in the striatum returned to almost their original size within a day (Tost *et al.* [@ref052]). However, we are aware that the influence of medication and the process of the disease itself are changing over time. Such complex processes cannot be entirely explained using a cross-sectional design and need to be studied longitudinally.

Volumetric differences associated with vulnerability to transition probability to psychosis {#sec004-003}
-------------------------------------------------------------------------------------------

We found no significant differences between HC and the whole ARMS group or ARMS-ST subgroup. Comparing ARMS-LT and HC revealed more GMV in the right insular region. This finding is in line with previous published volumetric abnormalities found in ARMS (Borgwardt *et al.* [@ref004], [@ref003]; Meisenzahl *et al.* [@ref032]; Koutsouleris *et al.* [@ref029]; for a review of VBM studies in high-risk subjects see Fusar-Poli *et al.* [@ref019]).

Moreover, there was a difference in the right insular volume between ARMS-ST and ARMS-LT associated with different transition probabilities. Compared to ARMS-LT individuals, ARMS-ST showed reduced GMV, corresponding to the reductions seen in ARMS subjects who later transit to psychosis (Borgwardt *et al.* [@ref004]; Takahashi *et al.* [@ref051]). Such alterations may represent the neurobiological substrate of different transition probabilities within the ARMS. Furthermore, GVM alteration in the insula may be associated directly with the consistent neurofunctional alterations observed in the ARMS during cognitive tasks (Fusar-Poli *et al.* [@ref020]).

By comparing the ARMS-LT and HC groups, we revealed more right insular volume than volume reductions. This might reflect associations with protecting factors in the transition process to psychosis in addition to a different dynamics of underlying protective and/or psychosis-associated changes in the brains of ARMS and FEP individuals. At a symptoms level, we showed that negative symptoms correlated negatively and global functioning positively with volumetric differences within the ARMS subjects. Positive symptoms correlated positively with GMV in ARMS-ST and hallucinations in both ARMS-ST and ARMS-LT groups.

Comparing the ARMS-LT to the HC and to the ARMS-ST subjects revealed more volume in the right insula. Thus the insular GMV increase may represent activity-related hypertrophy (Draganski *et al.* [@ref014]) secondary to neurofunctional activation of insular areas when experiencing auditory hallucinations (O\'Daly *et al.* [@ref035]).

Repeating the analysis with antipsychotic-naive FEP only, we found more GMV in the left insula compared to the ARMS-ST. However, we cannot distinguish those antipsychotic-naive FEP who had better internal resources from those FEP who were diagnosed recently (with a higher hallucination score) and had not yet received their antipsychotic medication.

Clinical implications and correlation with clinical outcomes {#sec004-004}
------------------------------------------------------------

The mean duration of the ARMS was 4.5 years in the ARMS-LT group; the probability that any of these subjects will develop psychosis in the future is low (Cannon *et al.* [@ref007]; Riecher-Rössler *et al.* [@ref041]). In the ARMS-ST subjects, we expect a transition rate of approximately 30% (Riecher-Rössler *et al.* [@ref041]) in the next 1 to 2 years. The ARMS-ST group with 30% probability of subsequently developing psychosis allows the investigation of vulnerability and higher transition probability-associated changes in brain activation compared to the HC. Of note, our ARMS-LT did not differ from the ARMS-ST with respect to age; this might be because of the small sample sizes and needs further investigation (Whitwell, [@ref054]). However, the differences between ARMS-ST and ARMS-LT did not refer with regard to the effect of ageing in one of those groups. The structural abnormalities we observed were not attributable to antipsychotic treatment, as all of the ARMS individuals were antipsychotic naive except for one ARMS-ST subject who was antipsychotic free at the time of scanning. Consequently, we suggest that the volumetric difference between these two groups reflects both disrupted brain structure and protective processes. It remains to be determined whether the structural abnormalities we found are reversible or compensatory in nature. Some recent studies suggest reversibility of prodromal symptoms, especially in an adolescent high-risk group (Simon & Umbricht, [@ref044]).

As hypothesized, we found a correlation between volumetric differences and positive and negative psychotic symptoms. Negative symptoms correlated negatively with the GMV in the insula within our whole ARMS population. There was a positive correlation of GMV changes with positive symptoms in the ARMS-ST group and with hallucinations in both ARMS-ST and ARMS-LT groups. Of note, there was a negative correlation with conceptual disorganization in the ARMS-LT group. Previously studies have reported negative correlations (Crespo-Facorro *et al.* [@ref010]; Pressler *et al.* [@ref038]), no correlation (Takahashi *et al.* [@ref049]; Crespo-Facorro *et al.* [@ref011]) and a positive correlation (Takahashi *et al.* [@ref050]) between positive symptoms and GMV in schizophrenia patients.

GMV in the bilateral insula correlated positively with global functioning within the whole ARMS group. This is in line with previous behavioural reports indicating that the duration of prodromal symptoms predicts the longitudinal GAF scores in subjects with an ARMS (Fusar-Poli *et al.* [@ref021]).

Limitations {#sec004-005}
-----------

Some limitations of this study should be considered. First, although the ARMS-ST group had a 20--40% probability of transition to psychosis, there was a high false-positive probability of approximately 60--80%. Our two groups had a different inherent risk for the development of illness: 20--40% in the ARMS-ST group and 2--4% in the ARMS-LT group. A comparison of those who had converted (that is had 100% risk of transition) could give us a much more concrete differentiation in risk. However, our ARMS-ST group showed similar volumetric deficits to ARMS individuals who subsequently transited. Thus, the ARMS-ST with volumetric deficits in the right insula at the very beginning of their risk state may be associated with a higher transition probability subsequently. If this finding is confirmed in longitudinal studies, insular abnormalities may be an important neuroimaging marker of higher probability to psychosis. Second, most of the ARMS-ST individuals could become ARMS-LT in several months, and with the aim of revealing the longitudinal differences in the same individuals, we should scan them again in 4.5 years. Third, our healthy volunteers had no family history of any psychiatric disorder among first- and second-degree relatives, as assessed in a detailed questionnaire. Thus, given the very high prevalence rates of mental illness in almost every family, our group could be seen as an exceptional group of healthy controls. Fourth, the exact meaning of brain tissue loss or increase in the period of life when the young adult brain is maturating and eliminating superfluous synapses is very complex. In addition, confounding factors including antidepressant medication, smoking, consumption of alcohol and cannabis, and socio-economic status may have influenced the results (Cardenas *et al.* [@ref008]). However, although alcohol use differed significantly between groups, there was no difference with respect to antidepressant or cannabis use. Fifth, the use of VBM methodology implicates problems of brain registration and the size of the smoothing kernel, especially when relatively small differences are expected. The exact meaning of the volumetric abnormalities (exaggerated dendritic pruning, impaired myelination, apoptosis of neuropil) is not entirely clear. Nevertheless, this technique allows comparisons of the entire brain volume at the single voxel level and we used the improved segmentation and normalization SPM8 protocols in our analyses.

Conclusions {#sec005}
===========

Structural alterations in subjects at high clinical risk for psychosis are associated with negative and positive psychotic symptoms, and impairment in global functioning. Specific GMV abnormalities within the ARMS may distinguish different transition probabilities. In particular, volume loss in the right insula is associated with a higher risk for transition to psychosis.
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[^1]: FEP, First episode of psychosis; ARMS, at-risk mental state; ARMS-LT, long-term ARMS; ARMS-ST, short-term ARMS; MWT-B, multiple choice vocabulary IQ test (Mehrfachwahl-Wortschatz-Intelligenztest, Form B); BPRS, Brief Psychiatric Rating Scale (item 9 suspiciousness, 10 hallucinations, 11 unusual thought content, 15 conceptual disorganization); APS, attenuated psychotic symptoms; SANS, Scale for the Assessment of Negative Symptoms; GAF, Global Assessment of Functioning; HC, healthy controls; df, degrees of freedom.

[^2]: For *post-hoc* analyses, the Bonferroni correction (at *p*=0.05) in SPSS 19.0 was calculated.

[^3]: Values obtained on repeating the demographic analysis after exclusion of all individuals with a history of antipsychotic medication. Antipsychotic-naive FEP showed slightly higher BPRS and better GAF scores than FEP with antipsychotic history.

[^4]: FEP, First episode of psychosis; ARMS, at-risk mental state; ARMS-LT, long-term ARMS; ARMS-ST, short-term ARMS; FEW, family-wise error; MNI, Montreal Neurological Institute; L, left; R, right; G, gyrus; HC, healthy controls; BA, Brodmann area; MTG, middle temporal gyrus; SFG, superior frontal gyrus; CG, cingulate gyrus.

[^5]: Group differences in grey matter volume (GMV) calculated from full factorial ANCOVA using SPM8 with the VBM8 toolbox with covariates age, gender, and VBM-GMV with cluster forming *p* value uncorrected *p\<*0.001.

[^6]: There were no significant differences in contrasts: ARMS-ST\>ARMS-LT, ARMS-LT\<HC, (ARMS-ST+ARMS-LT)\<HC, (ARMS-ST+ARMS-LT)\>HC, ARMS-ST\<HC, ARMS-ST\>HC.

[^7]: Differences were not significant at cluster level only at voxel level.

[^8]: We repeated the analysis after exclusion of patients with a history of previous antipsychotic medication (currently antipsychotic-free subjects: six FEP and one ARMS-ST) to exclude the confounding effect of previous antipsychotic medication. The differences lost their significance in contrasts: FEP\<ARMS, FEP\>ARMS, FEP\<ARMS-ST, FEP\<ARMS-LT, FEP\>ARMS-LT, and FEP\<HC, FEP\>HC. The only volumetric difference in the left insula (−33−21 10) stayed significantly different after exclusion of seven antipsychotic-free subjects in contrast FEP\>ARMS-ST (*p*=0.028).

[^9]: The difference was significant even after exclusion of antipsychotic-free individuals (six FEP and one ARMS-ST).
